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(57) ABSTRACT 

A cardiorenal patient monitoring system comprising, either 
implanted or non-implanted device(s), remote peripheral 
device(s), computer network(s), host, and communication 
means between the device(s), computer network(s), and 
host. The preferred embodiment shows an advanced patient 
monitoring system for using an implanted cardiac device 
and a dialysis machine in renal therapy. In addition, the 
method of advanced patient monitoring is in conjunction 
with the advanced patient monitoring system is disclosed. 
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CARDAC RHYTHM MANAGEMENT DEVICE 
AND SENSOR-SUITE FOR THE OPTIMIAL 

CONTROL OF ULTRAFILTRATION AND RENAL 
REPLACEMENT THERAPES 

FIELD OF THE INVENTION 

0001. This invention relates to a patient management 
system and method of using patient physiological data 
measured from sensors integral to a cardiac rhythm man 
agement device to optimize ultrafiltration and/or renal 
replacement therapy and manage the disease state of the 
patient. It is also related to the treatment of congestive heart 
failure and fluid overload in a patient. 

BACKGROUND OF THE INVENTION 

0002 Heart failure (HF) is a complex syndrome resulting 
from the inability of the heart to pump blood sufficient to 
meet the body's needs. Heart failure is a progressive disease 
most common in the elderly and usually caused by other 
diseases/conditions that gradually damage the heart Such as 
coronary heart disease, damaged heart valves, external pres 
Sure around the heart, and cardiac muscle disease. The 
kidneys play an important role in compensating for the 
heart’s inability to pump blood. Normally, healthy kidneys 
are responsible for various functions such as: removal of 
fluid and wastes, maintenance of blood pressure, mainte 
nance of acid-base balance, stimulation of red cell produc 
tion (via the release of erythropoetin), and promotion of 
calcium absorption. In heart failure patients, the kidneys 
compensate for inadequate cardiac output by increasing the 
Volume of circulating blood (by decreasing urine output), 
and maintaining blood pressure. In the short term these 
compensatory mechanisms serve to increase cardiac perfor 
mance. However in the long term they become maladaptive 
and lead to fluid overload in the patient, which is manifested 
as excess lung fluid (pulmonary edema) and dyspnea. 
0003 Thus chronic heart failure leads to a vicious cycle 
(termed the cardiorenal syndrome), where heart failure 
advances renal disease, which in turn further worsens heart 
failure. Chronic heart failure worsens renal diseases by 
several mechanisms. A reduction in the cardiac output 
reduces the blood flow to the kidneys and hampers the 
ability of the kidneys to filter wastes and remove fluid. Renal 
ischemia resulting from reduced oxygen availability acti 
Vates the renin-angiotensin-aldosterone (RAAS) system, 
which causes salt and water retention and vasoconstriction 
(a reduction in caliber of blood vessels). Chronic activation 
of the RAAS system has toxic effects on the kidneys. Kidney 
disease in turn worsens heart failure by several mechanisms 
including, but not limited to, hypervolemia, increased sym 
pathetic activity and pressure load, anemia, and inflamma 
tion. This coupled pathophysiology Suggests why about 50% 
of patients with heart failure (i.e. 2.5 million) are estimated 
to have kidney disease and about 40% of patients with 
chronic kidney disease have heart failure. Patients suffering 
from failing kidneys have been reported to be the highest 
risk group for cardiovascular events. 
0004 Renal replacement therapy is required in patients 
with renal failure where the kidneys are unable to main 
normal functions. Renal replacement therapy is delivered 
using the processes of dialysis and ultrafiltration to remove 
the waste products, and extra fluid that accumulates when 
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kidneys stop functioning. Renal replacement therapy also 
helps normalize many of the chemical imbalances that 
accompany kidney failure. Dialysis is the transfer of Small 
Solutes across a semi permeable membrane from the side of 
higher concentration (blood side) to the side of lower 
concentration. Ultrafiltration is the removal of water and 
Small-to-medium Solutes (by convection) through the appli 
cation of a hydrostatic pressure across a semi-permeable 
membrane. The term “clearance' is used to describe the 
complete removal of a Substance from a specific volume of 
blood per unit time. 
0005 Extracorporeal renal replacement therapy (ERRT) 

is the most common type of renal therapy where blood is 
circulated outside the body through a filter called a hemo 
dialyzer. Most patients need three or four therapy sessions 
per week, each lasting two to four hours. During dialysis 
small solutes are removed by diffusion, the concentration of 
Solutes in the plasma decreases, and clearance is obtained. 
Ultrafiltration can be combined with dialysis to remove both 
fluid and small solutes from the blood plasma during ERRT. 
It is important to measure the amount of clearance and fluid 
removed during dialysis. Hemofiltration is the combination 
of ultrafiltration and fluid replacement. 
0006 Blood circulation for ERRT is provided using an 
electromechanical system that comprises a blood pump to 
move blood from the patients artery/vein through an extra 
corporeal blood circuit containing tubes and a hemofilter or 
hemodialyzer. For hemodialysis an ionic solution called the 
dialysate is pumped through the dialyzer in a direction 
counter-current to blood flow and on the opposite side of the 
semi permeable membrane. Because the dialysate does not 
contain wastes (such as urea and creatinine) that are present 
in blood, the chemical concentration gradient of these Sub 
stances across the semi-permeable membrane drives diffu 
sion in to the dialysate stream, which is discarded. The 
dialysis instrument also controls the transmembrane pres 
sure to ensure that the required fluid is removed by ultra 
filtration during the therapy. If necessary, Small amounts of 
fluids and medications may be injected into blood returning 
to the patient. During ultrafiltration therapy, since dialysis is 
not required a dialysate solution is not needed, and blood is 
passed through a hemofilter across which a fluid similar to 
plasma is filtered. Depending on the permeability of the 
membrane, a filtrate similar to plasma is collected through a 
filtrate tube and temporarily stored in a filtrate bag. Through 
convection, the filtered fluid also drags solutes of different 
sizes and molecular weights across the membrane. 
0007 Due to the cardiorenal syndrome, patients with 
advanced heart failure are often fluid overloaded. Because 
patients still retain kidney function, they are treated using a 
class of drugs called diuretics that promote urine discharge. 
However diuretics are known to have adverse events. Some 
times patients may be admitted to the hospital for decom 
pensated heart failure and require therapies such as ultrafil 
tration for immediate fluid removal. Ultrafiltration, which is 
typically used for renal therapies, is thus being increasingly 
used for managing fluid removal from heart failure patients. 
The advantages of ultrafiltration over diuretics are that the 
rate of fluid output can be easily adjusted, and the process 
removes both sodium and water, which is important to 
maintain fluid balance. 

0008 An increasing number of heart failure patients are 
also implanted with cardiac rhythm management (CRM) 
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devices that treat their heart failure condition. CRM devices 
Such as pacemakers, implantable cardioverter defibrillators 
(ICDs), and cardiac resynchronization therapy (CRT) 
devices are used to treat electrical conduction disorders of 
the heart. Also CRM devices are equipped with a variety of 
implanted sensors that monitor the heart and provide for the 
measurement of several physiological parameters, includ 
ing, but not limited to, electrical cardiac activity, heart rate, 
heart rate variability, autonomic balance, patient activity, 
temperature, thoracic fluid, and respiration. These sensors 
are advantageous over external sensors because they can 
make measurements automatically in the ambulatory patient 
while minimizing patient discomfort and the need for patient 
compliance. About 60% of cardiovascular deaths in patients 
undergoing renal therapy are thought to be due to Sudden 
cardiac death making patients undergoing end-stage renal 
therapies, such as dialysis, potential candidates for CRM 
devices. 

0009. It is beneficial to measure the physiological char 
acteristics of the body during renal replacement therapy, or 
ultrafiltration for heart failure. Present methods of renal 
replacement therapy do not provide a means whereby 
implanted sensor measurements may be taken. For example 
during renal replacement or ultrafiltration therapies, an 
excess removal of fluid from the patient can lead to a rapid 
reduction in blood pressure (hypotension). This occurs due 
to the inability of the body to increase total peripheral 
resistance in the face of decreasing cardiac output. Thus a 
method is required to continuously monitor the fluid status 
and the autonomic function of the patient and control 
ultrafiltration rate in order to ensure that the patient reaches 
his/her dry weight without hypotensive episodes. Sensors 
present in implanted CRM devices can be used to monitor 
the patient during ERRT and/or ultrafiltration therapies and 
control therapy. Autonomic balance can be measured from 
heart rate variability using cardiac electrical activity mea 
sured from CRM devices, which could be used to detect 
increasing sympathetic tone prior to a hypotensive episode. 
Similarly the patients thoracic fluid status measured using 
thoracic impedance in CRM devices may be useful in 
determining the fluid state of the patient. Also blood con 
ductivity measurements from implanted CRM devices may 
be used for hematocrit determination, and dialysis clearance 
calculations of sodium, which is used as a Surrogate for urea. 
0010. In addition to the above measurements that are 
made during ERRT or ultrafiltration, chronic implanted 
sensor data collected between treatments (e.g. autonomic 
balance, thoracic fluid status) in dialysis patients can be 
captured in the advanced patient management (APM) sys 
tem and used by the caregiver to better manage the patient. 
For example chronic data from the CRM device and the 
APM system at home can be used to determine the rate of 
fluid build-up between dialysis sessions and alert the need 
for ERRT. 

0011 Presently the caregiver is required to analyze the 
data and provide predictive and post-event diagnosis based 
on the data. However, as the amount of data collected 
regarding a particular patient increases, it becomes more 
difficult for a caregiver to assimilate and provide a mean 
ingful analysis of all of the data. In addition, it is difficult for 
a caregiver to identify trends and other information from 
particular patients and leverage this knowledge for the 
treatment of larger populations. Thus by integrating CRM 
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sensors and the advanced patient management system with 
renal/ultrafiltration therapies, the patient can be more opti 
mally managed. 
0012 Generally, during renal replacement therapy, the 
physiological characteristics of a patient are measured exter 
nally. Such externally measured physiological characteris 
tics are not as beneficial as physiological characteristics that 
are measured internally by an implanted device. There is a 
need for a process whereby the local measurements of the 
physiological characteristics of a patient can be used in renal 
therapy and in the health management of patients with 
cardiac and renal disease. 

SUMMARY 

0013 The present invention is an integrated cardiac and 
renal disease management system that comprises a renal 
therapy device and at least one implanted cardiac rhythm 
management (CRM) device configured to communicate 
with the renal therapy device. The renal therapy device 
includes devices for extracorporeal renal replacement thera 
pies as well as ultrafiltration therapy for heart failure. The 
implanted CRM device includes sensors for measuring 
patient physiological parameters. Today CRM devices allow 
the measurement of several physiological parameters e.g. 
heart rate, heart rate variability, autonomic balance, heart 
vibrations, intracardiac pressure, thoracic fluid status, res 
piration, and patient activity level. In the future other 
measurements may be possible Such as temperature, pH, 
oxygenation, cardiac Volumes, blood pressure, and ejection 
fraction. The measured physiological parameters are trans 
mitted to the renal therapy device that is configured to 
modify renal therapy applied to a patient in response to the 
patient physiological parameters received. Renal therapy is 
modified by at least controlling the flow of fluid into or out 
of the renal therapy device providing dialysis and/or ultra 
filtration therapy. The renal disease therapy management 
system also provides a method of managing therapy applied 
to patients Suffering from renal disease by including 
implanted sensor measurements, and remote patient care 
devices that measure blood pressure and weight. Similarly 
information from renal therapy devices such as ultrafiltrate 
conductivity and hematocrit may be transmitted to the CRM 
device or APM system and used for managing the HF status 
of the patient. Data representative of patient blood pressure, 
weight and other patient physiological parameters captured 
by the implanted CRM device and external sensors, and the 
renal therapy device are transmitted to a patient management 
host system where a patient care provider can monitor 
patient physiological parameters and modify renal therapy 
based on patient health data received. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The invention may be more completely understood 
in consideration of the following detailed description of 
various embodiments of the invention in connection with the 
accompanying drawings, in which: 
0015 FIG. 1 is an example advanced patient manage 
ment system made in accordance with the present invention; 
0016 FIG. 2 illustrates an example of an advanced 
patient management system for used during renal therapy; 
0017 FIG. 3 illustrates an example interrogator/trans 
ceiver unit made in accordance with the present invention; 
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0018 FIG. 4 illustrates an example interrogator/trans 
ceiver unit made in accordance with the present invention; 
and 

0.019 FIG. 5 illustrates an example communication sys 
tem made in accordance with the present invention. 
0020 While the invention is amenable to various modi 
fications and alternative forms, specifics thereof have been 
shown by way of example in the drawings and will be 
described in detail. It should be understood, however, that 
the intention is not to limit the invention to the particular 
embodiments described. On the contrary, the intention is to 
cover all modifications, equivalents, and alternatives falling 
within the spirit and scope of the invention. 

General Description 

0021. The present system and methods are described with 
respect to an advanced patient management system config 
ured to collect patient-specific information, Store and collate 
the information, and generate actionable recommendations 
for better managing the renal and cardiac disease of the 
patient. The advanced patient management system is also 
configured to leverage a remote communications infrastruc 
ture to provide automatic CRM device follow-ups, to collect 
data, coordinate therapy, and to determine if remote devices 
are functioning properly. The term “patient' is used herein 
to mean any individual from whom information is collected. 
The term “caregiver' is used herein to mean any provider of 
services, such as health care providers including, but not 
limited to, nurses, doctors, and other health care provider 
staff. 

0022 FIG. 1 illustrates an example advanced patient 
management system 100 made in accordance with the 
present invention. Advanced patient management system 
100 generally includes the following components: one or 
more devices 102, 104, and 106, one or more interrogator/ 
transceiver units 108, a communication system 110, one or 
more remote peripheral devices 109, and a host 112. 
0023. Each component of the advanced patient manage 
ment system 100 can communicate using the communica 
tion system 110. Some components may also communicate 
directly with one another. For example, devices 102 and 104 
may be configured to communicate directly with one 
another. The various components of the example advanced 
patient management system 100 illustrated herein are 
described below. Further, the advanced patient management 
system 100 may utilize other implantable devices as well 
that provide physiological measurements of the patient, Such 
as drug pumps, neurological devices (e.g., stimulators), 
OXygen Sensors, etc. 

0024 Devices 102, 104, and 106 can be devices that are 
implanted in the human body or external devices that are not 
implanted in the human body, all of which are used to 
measure patient physiological data. Such devices include a 
multitude of devices to measure data relating to the human 
body, Such as temperature (e.g., a thermometer), blood 
pressure (e.g., a sphygmomanometer), blood characteristics 
(e.g., glucose levels), body weight, physical strength, mental 
acuity, diet, heart characteristics, and relative geographic 
position (e.g., a Global Positioning System (GPS)). 
0025. In the present embodiment, illustrated in FIG. 2, 
device 102 is a device implanted in the human body, 
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preferably a cardiac rhythm management (CRM) device 
102a. Devices 104 and 106a are external devices. Device 
104a is a renal therapy device and device 106a is a patient 
weight scale. The renal therapy device 104a is a mechanical 
device that performs ultrafiltration and/or dialysis. The 
implanted CRM device 102a is configured to communicate 
via radio frequency to the renal therapy device 104a directly, 
or through a repeater 108. Transmission of patient physi 
ological data from the CRM device 102a to the renal therapy 
device 104a allows the physiological parameters transmitted 
to be viewed on a screen of the renal therapy device 104a 
and used by the dialysis caregiver to modify therapy. It is 
contemplated that the renal therapy device 104a is located in 
one embodiment at the caregivers office or hospital, and in 
an alternative embodiment the renal therapy device 104a is 
located at the home of the patient and configured to allow the 
patient to perform renal therapy on himself or herself, 
without the assistance of a caregiver. 
0026. The implanted CRM device 102a includes sensors 
for measuring a patient's physiological parameters includ 
ing, but not limited to, heart rate, heart rate variability, 
autonomic balance, heart vibrations, intracardiac pressure, 
thoracic fluid status, respiration, patient activity level, pH, 
oxygenation, cardiac Volumes, blood pressure, and ejection 
fraction. The patient’s physiological parameters captured are 
transmitted to the renal therapy device 104a are used to 
modify and optimally control the dialysis and or ultrafiltra 
tion therapy being applied to a patient in order to prevent 
intracardiac hypotension. Hypotension is a result of a drop 
in blood pressure produced by a reduction of intravascular 
Volume, and the inability of the autonomic system to com 
pensate by increasing total peripheral resistance. As an 
example, bioimpedance monitors that are integral to a CRM 
device 102a can be used to measure a number of physi 
ologically relevant variables. Accordingly, renal therapy is 
modified by at least controlling the flow of fluid into or out 
of the renal therapy device 104a while providing dialysis 
and ultrafiltration therapy. 
0027. When a patient is receiving renal therapy from 
device 104a, the patient's physiological parameters mea 
Sured during renal therapy. Such as blood pump flow, dialy 
sate flow (if applicable), dialysate conductivity (if appli 
cable), hematocrit, arterial pressure, venous pressure, and 
blood plasma conductivity, along with changes in heart rate, 
heart rate variability, thoracic fluid status, and cardiac stroke 
volume that are measured by the CRM device 102a can be 
transmitted to the host system 112a where such data is 
trended to determine cardiac performance changes with 
ultrafiltration and dialysis. Host system 112a may also 
process patient physiological data, Such as heart rate vari 
ability, to estimate and trend patient sympathetic balance in 
order to predict a sympathetic withdrawal and hypotension. 
Host system 112a may also process patient physiological 
parameters measured during renal therapy to enhance car 
diovascular care. The autonomic withdrawal may be moni 
tored from signal processing of heart rate variability. Using 
these parameters, patient-specific thresholds for hypotension 
and ultrafiltration profiles could be determined to minimize 
hypotensive episodes. 

0028 Referring back to FIG. 1, when a patient is not 
receiving therapy from device 104, continuous ambulatory 
measurements using implanted sensor measurements, and 
other external measurements of patient blood pressure and 
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weight may be captured and transmitted with devices 102 
and 108 to a database within the host system 112 along with 
patient intrathoracic impedance measured with the 
implanted device 102. Using intrathoracic impedance, the 
volume of fluid in the central compartment (i.e. heart and 
lungs) could be continuously monitored during dialysis or 
other therapy and used for hypotension prediction, fluid 
overload monitoring, and other medical conditions. In addi 
tion, continuous ambulatory measurements could be trans 
mitted to the host system 112 where such measurements are 
stored and can be retrieved by the physician/nurse to appro 
priately tailor patient therapy. 

0029 Patients with advanced heart failure and/or receiv 
ing renal therapy are often chronically fluid overloaded 
because of the difficulty of determining the patient's euvo 
lomic state or “dry weight'. Measurements recorded by an 
implanted medical device 102 of intracardiac pressures 
using implanted sensors, bioimpedance measurements of 
central fluid volumes (via intrathoracic impedance), accel 
erometer heart Sounds and patient weight changes (poten 
tially with leg-to-leg bioimpedance) are used to monitor 
changes in a patients weight, and the presence of peripheral 
edema. These measurements are processed by a control 
system within the mechanical device 104 that performs renal 
therapy in order to tailor fluid removal during therapy in 
order to keep the patient at a euvolemic state. 
0030. It is also contemplated that the sensors within CRM 
device 102a, include temperature, ultrasound, and conduc 
tivity. The patient physiological measurements recorded by 
these sensors may be combined with the unique features of 
renal therapy (e.g. ability to change blood temperature, 
hematocrit and/or ionic concentrations) to improve renal 
therapy. CRM devices that include ultrasound sensors can be 
used to measure blood density (that are related to changes in 
blood hematocrit and total plasma protein), which in turn 
could be used to control changes in intravascular fluid 
Volume by adjusting ultrafiltration during dialysis. Alterna 
tively, certain variables measured during dialysis (e.g. blood 
conductivity) could be used to adjust parameters of the CRM 
device. 

DETAILED DESCRIPTION 

I. Devices 

0031 Referring to FIG. 1, devices 102, 104, and 106 can 
be implantable devices or external devices that may provide 
one or more of the following functions with respect to a 
patient: (1) sensing, (2) data analysis, and (3) therapy. For 
example, in one embodiment, devices 102,104, and 106 are 
either implanted or external devices used to measure a 
variety of physiological, Subjective, and environmental con 
ditions of a patient using electrical, mechanical, and/or 
chemical means. The devices 102, 104, and 106 can be 
configured to automatically gather data or can require 
manual intervention by the patient or caregiver. The devices 
102, 104, and 106 can be configured to store data related to 
the physiological and/or subjective measurements and/or 
transmit the data to the communication system 110 using a 
variety of methods, described in detail below. Although 
three devices 102, 104, and 106 are illustrated in the 
example embodiment shown, more or fewer devices may be 
used for a given patient. 
0032) The devices 102,104, and 106 can be configured to 
analyze the measured data and act upon the analyzed data. 
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For example, the devices 102, 104, and 106 are configured 
to modify therapy or provide alarm indications based on the 
analysis of the data. 
0033. In one embodiment, device 102 is an implantable 
cardiac rhythm management (CRM) device 102a and device 
104 is a renal therapy device 104a. The physiological 
measurements recorded by the CRM device 102a are trans 
mitted to the renal therapy device 104a, which processes 
data representative of patient physiological parameters and 
modifies the renal therapy the patient receives in response to 
the data representative of patient physiological parameters. 

0034). In other embodiments, devices 102, 104, and 106 
also provide therapy. Therapy can be provided automatically 
or in response to an external communication. Devices 102. 
104, and 106 are programmable in that sensing character 
istics during therapy (e.g., duration and interval), or com 
munications can be altered via communication between the 
devices 102, 104, and 106 and other components of the 
advanced patient management system 100. Devices 102, 
104, and 106 can also perform self-diagnostics or be inter 
rogated by the communication system 110 to verify that the 
devices are functioning properly. Examples of different 
embodiments of the devices 102, 104, and 106 are provided 
below. 

0035) Devices implanted within the body have the ability 
to sense and communicate as well as to provide therapy. 
Implantable devices can provide direct measurement of 
characteristics of the body including, but not limited to and 
without limitation, electrical cardiac activity (e.g., a pace 
maker, cardiac resynchronization management device, 
defibrillator, etc.), physical motion, temperature, heart rate, 
activity, blood pressure, breathing patterns, cardiac Volumes, 
ejection fractions, blood viscosity, blood chemistry, blood 
glucose levels, and other patient-specific clinical physiologi 
cal parameters, while minimizing the need for patient com 
pliance. 

0036) A heart rhythm sensor, typically found in a pace 
maker or defibrillator, is one example of an implanted device 
sensor. In the heart, an electrical wave activates the heart 
muscle just prior to contraction. As is known in the art, 
implanted electrical circuits and lead-wires transduce the 
heart's activation event and reject other, non-essential elec 
trical events. By measuring the time interval between acti 
vation events, the heart rhythm can be determined. A tran 
sthoracic impedance sensor is another example of a sensor 
in an implanted device sensor. During the respiratory cycle, 
large volumes of air pass into and out of the body. The 
electrical resistance of the thorax changes markedly as a 
result of large differences in conductivity of air and body 
tissues. The thoracic resistance can be measured during 
respiration and converted into a measurable electrical signal 
(i.e., impedance) so that breathing rate and profile can be 
approximated. Implantable devices can also sense chemical 
conditions, such as glucose levels, blood oxygen levels, etc. 
Further, the advanced patient management system 100 may 
utilize other implantable devices as well that provide physi 
ological measurements of the patient, Such as drug pumps, 
neurological devices (e.g., stimulators), oxygen sensors, etc. 
0037 Derived measurements can also be determined 
from the implantable device sensors. For example, a sleep 
sensor can rely on measurements taken by an implanted 
impedance sensor that measures respiration, and the accel 
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erometer that measures body activity levels. The sleep 
sensor can estimate sleeping patterns based on the measured 
activity levels. Other derived measurements include, but are 
not limited to, a functional capacity indicator, autonomic 
tone indicator, sleep quality indicator, cough indicator, anxi 
ety indicator, and cardiovascular wellness indicator for 
calculating a quality of life indicator quantifying a patients 
overall health and well-being. 
0038) Devices 102, 104, and 106 can be devices that are 
implanted in the human body or external devices that are not 
implanted in the human body, all of which are used to 
measure patient physiological data. Devices 102, 104, and 
106 can also be environmental sensors. The devices can be 
placed in a variety of geographic locations (in close proX 
imity to patient or distributed throughout a population) and 
record non-patient specific characteristics such as, but not 
limited to, temperature, air quality, humidity, carbon mon 
oxide level, oxygen level, barometric pressure, light inten 
sity, and sound. 
0039. One or more of the devices 102, 104, and 106 (for 
example, device 106) may be external devices that measure 
subjective or perceptive data from the patient. Subjective 
data is information related to a patient’s feelings, percep 
tions, and/or opinions, as opposed to objective physiological 
data. For example, the “subjective' devices can measure 
patient responses to inquiries such as “How do you feel?' 
and “How is your pain?” The device can prompt the patient 
and record Subjective data from the patient using visual 
and/or audible cues. For example, the patient can press 
coded response buttons or type an appropriate response on 
a keypad. Alternatively, allowing the patient to speak into a 
microphone and using speech recognition Software to pro 
cess the subjective data may be collected. Notwithstanding, 
in the present embodiment, device 106 is a weight scale 
106a as illustrated in FIG. 2. 

0040. In one example embodiment, the subjective device 
presents the patient with a relatively small number of 
responses to each question posed to the patient. For 
example, the responses available to the patient may include 
three faces representing feelings of happiness, nominalness, 
and sadness. Averaged over time, a trend of a patients well 
being will emerge with a finer resolution than the quanta of 
the three responses. 
0041. The subjective data can be collected from the 
patient at set times, or, alternatively, collected whenever the 
patient feels like providing subjective data. The subjective 
data can also be collected Substantially contemporaneously 
with physiological data to provide greater insight into over 
all patient wellness. The subjective device 106 can be any 
device that accepts input from a patient or other concerned 
individual and/or provides information in a format that is 
recognizable to the patient. Device 106 typically includes a 
keypad, mouse, display, handheld device, interactive TV. 
cellular telephone or other radio frequency (“RF) commu 
nications device, cordless phone, corded phone, speaker, 
microphone, email message, or physical stimulus. 
0042. The advanced patient management system 100 
may also include one or more remote peripheral devices 109. 
The remote peripheral device 109 may include, for example 
and without limitation, cellular telephones, pagers, personal 
digital assistant (PDA) devices, facsimiles, remote comput 
ers, printers, video and/or audio devices, etc. The remote 
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peripheral device 109 can communicate using wired or 
wireless technologies and may be used by the patient or 
caregiver to communicate with the communication system 
110 and/or the host 112. For example, the remote peripheral 
device 109 can be used by the caregiver to receive alerts 
from the host 112 based on data collected from the patient 
and to send instructions from the caregiver to either the 
patient or other clinical staff. In another example, the remote 
peripheral device 109 is used by the patient to receive 
periodic or real time updates and alerts regarding the 
patient’s health and well-being. 
II. Interrogator/Transceiver Unit 
0043 Referring now to FIG. 4, the example advanced 
patient management system 100 includes one or more inter 
rogator/transceiver units (ITUs), such as ITU 108. The ITU 
108 includes an interrogator module 152 for sending and 
receiving data from a device, such as devices 102, 104, and 
106, a memory module 154 for storing data, and a trans 
ceiver module 156 for sending and receiving data to and 
from other components of the advanced patient management 
system 100. The transceiver module may also operate as an 
interrogator of the devices 102, 104 and 106. The ITU 108 
also includes a power module 158 that provides power. 
0044) The ITU 108 may perform one or more of the 
following functions: (1) data storage; (2) data analysis; (3) 
data forwarding; (4) patient interaction; (5) patient feedback; 
and (6) data communications. For example, the ITU 108 
may facilitate communications between the devices 102. 
104, and 106 and the communication system 110. The ITU 
108 can, periodically or in real-time, interrogate and down 
load into memory clinically relevant patient data from the 
devices 102, 104, and/or 106. This data includes, in the 
cardiac sensor context, for example, P and R-wave mea 
Surements, pacing, shocking events, lead impedances, pac 
ing thresholds, battery Voltage, capacitor charge times, ATR 
episodes with electrograms, tachycardia episodes with elec 
trograms, histogram information, and any other clinical 
information necessary to ensure patient health and proper 
device function. The ITU 108 could also store data from the 
renal therapy device 104a Such as patient weight (prior to 
therapy), blood pump speed, ultrafiltration rate, hematocrit, 
ultrafiltrate conductivity, ultrafiltrate and blood temperature 
etc. In the present embodiment, the data is sent to the ITU 
108 by device 102 real-time or periodically uploaded from 
buffers in the device. 

0045. The ITU 108 may also allow patient interaction. 
For example, the ITU 108 may include a patient interface 
and allow the patient to input Subjective data. In addition, the 
ITU 108 may provide feedback to the patient based on the 
data that has been analyzed or based on information com 
municated by the communication system 110. 
0046. In another embodiment, the ITU 108 includes a 
telemetry link from the devices to a network that forms the 
basis of a wireless LAN in the patient’s home. The ITU 108 
systematically uploads information from the devices 102. 
104, and/or 106 while the patient is sleeping, for example. 
The uploaded data is transmitted through the communication 
system 110 or directly to the host 112. In addition, in one 
embodiment the ITU 108 functions in a hybrid form, uti 
lizing wireless communication when available and default 
ing to a local wireless portal or a wired connection when the 
wireless communication becomes unavailable. 
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0047. Some devices, such as legacy implanted CRM 
devices, communicate via an internal telemetry transceiver 
that communicates with an external programmer. The com 
munication range of Such devices is typically 1 to 4 inches. 
ITU 108 may include a special short-range interrogator that 
communicates with a legacy device. 
0.048 When the interrogator 152 uses radio frequency to 
communicate with the devices 102, 104, 106, the ITU 108 
may be in the form of a small device that is placed in an 
inconspicuous place within the patient's residence or in the 
hospital. Alternatively, the ITU 108 may be implemented as 
part of a commonly used appliance in the patient's residence 
or hospital. For example, the ITU 108 may be integrated 
with an alarm clock that is positioned near the patient’s bed. 
In another embodiment, the ITU 108 may be implemented 
as part of the patient’s personal computer system. One of 
average skill in the art can easily foresee that other embodi 
ments are also possible. 
0049. In another embodiment, the ITU 108 may comprise 
a hand-held device such as a PDA, cellular telephone, or 
other similar device that is in wireless communication with 
the devices 102, 104, and 106. The hand-held device may 
upload the data to the communication system 110 wirelessly. 
Alternatively, the hand-held device may periodically be 
placed in a cradle or other similar device that is configured 
to transmit the data to the communication system 110. 
0050. In one embodiment, the ITU 108 can perform 
analysis on the data and provide immediate feedback, as 
well as perform a variety of self-diagnostic tests to verify 
that it is functioning properly and that communication with 
the communication system 110 has not been compromised. 
For example, the ITU 108 can perform a diagnostic loop 
back test at a set time either by the host 112 or healthcare 
provider, which involves sending a request through the 
communication system 110 to the host 112. The host 112 can 
then reply with a response back through the communication 
system 110 to the ITU 108. If a specific duration elapses 
before the ITU 108 receives the response or the ITU 108 
receives an unexpected response, or if the host 112 does not 
receive the diagnostic test communication, the ITU 108 can 
provide indications that the system is not functioning prop 
erly and the host 112 can alert an operator that there may be 
compromised communications or other malfunctions with 
that specific ITU 108. 
0051. For example, if wireless communications between 
the ITU 108 and the communication system 110 have been 
interrupted, and the ITU 108 performs a self-diagnostic test 
that fails, the ITU 108 may alert the patient so that corrective 
action may be taken. The alert can take the form of a sound 
or a visual and/or audible enunciator to alert the patient that 
communication has been interrupted. In another embodi 
ment, the ITU 108 can automatically fail-back to a wired 
system to communicate with the communication system 110 
and perform the same communications compromise checks. 
0.052 In other embodiments of the advanced patient 
management system 100, the ITU 108 function can be 
integrated into devices 102,104, and 106, so that the devices 
can communicate directly with the communication system 
110 and/or host 112. The devices 102, 104 and 106 can 
incorporate multi-mode wireless telecommunications, 
including, but not limited to, cellular, BLUETOOTH, or 
IEEE 802.11B to communicate with the communication 
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system 110 directly or through a local wireless to wired 
portal in the patients’ home. This communication, while not 
required, may be encrypted for patient privacy or other 
reasons. For example, device 102 may include a miniature 
cellular phone capable of wirelessly uploading clinical data 
from the device on a periodic basis. This is particularly 
advantageous for devices that are mobile (e.g., an implanted 
device in a patient that is traveling). 
0053) To conserve the energy of the devices 102,104, and 
106, particularly when the devices (e.g., device 102) are 
configured to communicate directly with the communication 
system 110 without using an ITU 108, in one example 
embodiment the devices are configured to communicate 
during a given duty cycle. For example, the device 102 can 
be configured to communicate with the communication 
system 110 at given intervals, such as once a week. The 
device 102 can record data for the time period (e.g., a week) 
and transmit the data to the communication system 110 
during the portion of the cycle that transmission is active and 
then conserve energy for the rest of the cycle. In another 
example, the device 102 conserves energy and only com 
municates with the communication system 110 when an 
“interesting event, including, but not limited to, a heart 
arrhythmia, has occurred. In this manner, device 102 can 
communicate directly with the communication system 110 
and/or host 112 without requiring an ITU 108, while con 
serving the energy of the device by communicating only 
during a given duty cycle. 

0054) The interrogation rate of the ITU 108 can be varied 
depending on disease state and other relevant factors. In 
addition, the devices 102, and 104 can be configured to 
“wake up' frequently (e.g., once every couple minutes) to 
provide the ITU 108 an access window for the ITU 108 to 
provide commands to the devices 102,104, and 106, as well 
as upload data from the devices. 
0055) If multiple devices, such as devices 102, 104, and 
106, are provided for a given patient, each device may 
include its own means for communicating with the ITU 108 
or communication system 110. Alternatively, a single telem 
etry system may be implemented as part of one of the 
devices, or separate from the devices, and each device 102, 
104, and 106 can use this single telemetry system to com 
munication with the ITU 108 or the communication system 
110. 

0056. In yet another embodiment, the devices 102, 104, 
and 106 include wires or leads extending from devices 102, 
104, and 106 to an area external of the patient to provide a 
direct physical connection. The external leads can be con 
nected, for example, to the ITU 108 or a similar device to 
provide communications between the devices 102, 104, and 
106 and the other components of the advanced patient 
management system 100. Furthermore the leads extending 
from devices 102, 104, and 106 may allow the patient to 
connect to other communication devices, including but not 
limited to, cell phones or land lines to facilitate communi 
cation with the host 112, or other caregivers while traveling. 
0057 The advanced patient management system 100 can 
also involve a hybrid use of the ITU 108. For example, the 
devices 102,104, and 106 can intelligently communicate via 
short-range telemetry with the ITU 108 when the patient is 
located within the patient's home and communicate directly 
with the communication system 110 or host 112 when the 
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patient is traveling. This may be advantageous, for example, 
to conserve battery power when the devices are located near 
an ITU 108. 

0.058. In a preferred embodiment, device 104 is a renal 
therapy device 104a that communicates with at least one 
implanted device 102 and an interrogator/transceiver unit 
108, a communications system 110, one or more remote 
peripheral devices 109, and a host system 112. The renal 
therapy device 104a provides a method for real-time inter 
pretation of patient physiological parameters received from 
an implanted medical device 102 during renal therapy. The 
patient’s physiological data received is processed by a renal 
therapy device control system and manipulates renal therapy 
a patient receives in direct response to the patient physi 
ological data processed. During use of the renal therapy 
device 104a on a patient, the device illustrates via visual and 
auditory notification of when patient physiological param 
eters are outside of an acceptable range and automatically 
modifies the therapy being administered to the patient. The 
visual and auditory notification and illustrations include a 
visual illustration of the changes made to the various thera 
pies capable of being provided to the patient in the form of 
a message displayed on a display, or a flashing LED. The 
auditory notification of when patient's physiological param 
eters are outside of an acceptable range may be in the form 
of a beeping, buZZing or vibrating alarm that continues until 
the patient's physiological parameters are stabilized or the 
alarm is silenced by a caregiver. The renal therapy control 
system further includes a communicator that provides the 
renal therapy device 104a with a means for transmitting to 
and receiving communications from the communications 
system 110 and for the host system 112 and a means for 
transmitting to and receiving communications from devices 
102, and 106. In one embodiment, device 102 is an 
implanted CRM device 102a that communicates with the 
renal therapy devise 104a directly or indirectly via CRM 
device 102a communication with the host system 112. 
0059. The renal therapy device 104a communications 
and control system, illustrated in FIG. 3, includes an input 
device, 344, for manual input of data, a central processor 
312, memory 314, program module 340, program data 342, 
application programs 338, and an operating system 336. 
Auditory and visual messages are controlled by the CPU 
312, program module 340 and program data 342. In addition 
to the auditory and visual messages generated by the renal 
therapy device 104a related to renal therapy being applied to 
the patient and patient physiological parameters being pro 
cessed, it is contemplated that the renal therapy device 104a 
is configured for programming in Such a manner that permits 
auditory and visual messages relating to a plurality of 
physiological health factors, including heart rate, fluid reten 
tion, weight and neuro-hormonal data. 
0060 Communication of the renal therapy device 104a 
with the host system 112 occurs automatically, pursuant to 
a previously programmed transmission of data interval or an 
inquiry from the host system 112. Communication of the 
renal therapy device 104a with the host system 112 may also 
be prompted by the user of the renal therapy device 104a by 
engaging a download button. The communication with the 
host system 112 of the renal therapy device 104a allows the 
patient or caregiver to review patient renal therapy data 
along with patient physiological data related to the human 
body and specific heart functions and implanted CRM 
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device data. When Such communications occur automati 
cally in real-time and from a historical perspective it allows 
the caregiver to review patient renal therapy data along with 
patient physiological data related to the human body and 
specific heart functions and CRM device data. The renal 
therapy device 104a may communicate with the host system 
112 via an Internet connection, telephone or satellite trans 
mission or other communication means. Upon a caregiver's 
review of patient physiological data related to the human 
body and specific heart functions and implanted cardiac 
device data following application of renal therapy, the 
caregiver can determine if changes in the patient renal 
therapy is necessary in view of the patient physiological 
data. If it is determined by the caregiver that the patient renal 
therapy needs to be modified in view of the patient data 
analyzed, the revised patient renal therapy may be pro 
grammed by the caregiver into the host system 112. The host 
system may then, upon instruction of the caregiver or other 
scheduled update times, transmit to the renal therapy device 
104a, and the patient the revised renal therapy regimen. The 
revised renal therapy regimen may include data representa 
tive of new schedule for dialysis or ultrafiltration along with 
a prescription and prescription consumption schedule. 
0061. It is contemplated that all embodiments of the renal 
therapy device 104a include an over use module as part of 
the program data 342. The over use module equips the renal 
therapy device 104a with the ability to prevent over uses of 
the device. The renal therapy device 104a is configured and 
controlled by the program data 342 to prevent inappropriate 
performance of dialysis and ultrafiltration until the sched 
uled time for renal therapy. The over use module as well as 
other aspects of the renal therapy device 104a communicates 
with the host 112 system to communicate inappropriate use 
of the renal therapy device 104a so that the caregiver may 
take steps to intervene and instruct the patient accordingly. 
0062). In the embodiment illustrated in FIG. 5, it is 
contemplated that the renal therapy device 104a is a stan 
dalone device. It may be configured to record data and store 
trending data in device data storage 323 for transmission to 
a monitor 352 for immediate display. The monitor 352 may 
be a part of the renal therapy device 104a or a separate 
device configured for electronic connection to the device. In 
the preferred embodiment, renal therapy device 104a is 
configured to transmit and accept RF telemetry. This con 
figuration provides for the transmission of patient physi 
ological data and renal therapy data between the renal 
therapy device 104a and the implanted CRM device 102a. 
The implanted CRM device 102a is configured to transmit 
patient physiological parameters and to receive renal therapy 
data transmissions. The implanted CRM device 102a stores 
the data received in implanted device data storage. The data 
received from the renal therapy device 104a and stored by 
the implanted CRM device 102a is transmitted to the host 
system 112 or a programmer along with all other data stored 
in implanted device data storage for transmission to the host 
system 112 by the implanted cardiac rhythmic device 102a. 
0063. It is further contemplated that the implanted CRM 
device 102a is configured to transmit communications to the 
renal therapy device 104a. In the preferred embodiment, 
Such communications occur via RF transmissions. Under 
circumstances where the implanted CRM 102a records 
patient data outside prescribed limits, or determines based 
on implanted device processing of implanted device data 



US 2007/0175827 A1 

readings that the patient's condition has reached a status 
requiring urgent changes to the renal therapy (e.g. reducing 
blood pump speed), the implanted cardiac rhythmic device 
102a transmits a signal to the renal therapy device 104a to 
initiate an emergency indicator which is designed to instruct 
the patient or caregiver to immediately modify the therapy. 
Alternatively the renal therapy device 104a could automati 
cally change the therapy and request immediate attention 
through an alarm. 
0064. The advanced patient management system 100 
may also include one or more remote peripheral devices 109. 
The remote peripheral device 109 may include, for example 
and without limitation, cellular telephones, pagers, PDA 
devices, facsimiles, remote computers, printers, video and/ 
or audio devices, etc. The remote peripheral device 109 can 
communicate using wired or wireless technologies and may 
be used by the patient or caregiver to communicate with the 
communication system 110 and/or the host 112. For 
example, the remote peripheral device 109 can be used by 
the caregiver to receive alerts from the host 112 based on 
data collected from the patient and to send instructions from 
the caregiver to either the patient or other clinical staff. In 
another example, the remote peripheral device 109 is used 
by the patient to receive periodic or real time updates and 
alerts regarding the patients health and well being. 
III. Communication System 
0065 Communication system 110 provides for commu 
nications between and among the various components of the 
advanced patient management system 100. Such as the 
devices 102, 104, and 106, host 112, and remote peripheral 
device 109. FIG. 5 illustrates one embodiment for the 
communication system 110 made in accordance with the 
present invention. The communication system 110 includes 
a plurality of computer systems 304,306, 308, and 310, as 
well as device 102, host 112, and remote peripheral device 
109, connected to one another by the communications 
network 200. The communications network 200 may be, for 
example, a local area network (LAN), wide area network 
(WAN), or the Internet. Communications among the various 
components, as described more fully below, may be imple 
mented using wired or wireless technologies. 
0066. In the example embodiment illustrated in FIG. 5, 
the host 112 includes server computers 218 and 222 that 
communicate with computers 304,306, 308, and 310 using 
a variety of communications protocols, described more fully 
below. The server computers 218 and 222 store information 
in databases 216 and 220. This information may also be 
stored in a distributed manner across one or more additional 
SWCS. 

0067. A variety of communication methods and protocols 
may be used to facilitate communication between devices 
102, 104, and 106, ITU 108, communication system 110. 
host 112, and remote peripheral device 109. For example, 
wired and wireless communications methods may be used 
between devices that are not implanted. Only wireless 
communications are used between implantable devices. 
Wired communication methods may include, for example 
and without limitation, traditional copper-line communica 
tions such as DSL, broadband technologies such as ISDN 
and cable modems, and fiber optics, while wireless commu 
nications may include, without limitation, cellular, satellite, 
radio frequency (RF), infrared, ultrasound etc. 
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0068 For any given communication method, a multitude 
of standard and/or proprietary communication protocols 
may be used. For example and without limitation, protocols 
Such as radio frequency pulse coding, spread spectrum, 
direct sequence, time-hopping, frequency hopping, SMTP, 
FTP and TCP/IP may be used. Other proprietary methods 
and protocols may also be used. Further, a combination of 
two or more of the communication methods and protocols 
may also be used. Encryption may also be used to help 
protect patients sensitive information. 

0069. The various communications between the compo 
nents of the advanced patient management system 100 may 
be made secure using several different techniques. For 
example, encryption and/or tunneling techniques may be 
used to protect data transmissions. Alternatively, a priority 
data exchange format and interface that are kept confidential 
may also be used. Authentication can be implemented using, 
for example, digital signatures based on a known key 
structure (e.g., PGP or RSA). Other physical security and 
authentication measures may also be used, such as security 
cards and biometric security apparatuses (e.g., retina Scans, 
iris Scans, fingerprint scans, veinprint scans, Voice, facial 
geometry recognition, etc.). Conventional Security methods 
Such as firewalls may be used to protect information residing 
on one or more of the storage media of the advanced patient 
management system 100. Encryption, authentication and/or 
verification techniques may also be used to detect and 
correct data transmission errors. 

0070 Communications among the various components 
of the advanced patient management system 100 may be 
enhanced using compression techniques to allow large 
amounts of data to be transmitted efficiently. For example, 
the devices 102,104, and 106 or the ITU 108 may compress 
the recorded information prior to transmitting the informa 
tion to the ITU 108 or directly to the communication system 
110. 

0071. The communication methods and protocols 
described above can facilitate periodic and/or real-time 
delivery of data. 
IV. Host 

0072 The example host 112 includes a database module 
114, an analysis module 116, a medicine module 120, and a 
delivery module 118 (see FIG. 1). Host 112 preferably 
includes enough processing power to analyze and process 
large amounts of data collected from each patient, as well as 
to process statistics and perform analysis for large popula 
tions. For example, the host 112 may include a mainframe 
computer or multi-processor workstation. The host 112 may 
also include one or more personal computer systems con 
taining Sufficient computing power and memory. The host 
112 may include storage medium (e.g., hard disks, optical 
data storage devices, etc.) Sufficient to store the massive 
amount of high-resolution data that is collected from the 
patients and analyzed. 

0073. The host 112 may also include identification and 
contact information (e.g., IP addresses, telephone numbers, 
or a product serial number) for the various devices commu 
nicating with it, such as ITU 108 and peripheral device 109. 
For example, each ITU 108 is assigned a hard-coded or 
static identifier (e.g., IP address, telephone number, etc.), 
which allows the host 112 to identify which patient’s infor 
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mation the host 112 is receiving at a given instant. Alterna 
tively, each device 102, 104, and 106 may be assigned a 
unique identification number, or a unique patient identifica 
tion number (e.g. serial number) may be transmitted with 
each transmission of patient data. 
0074. When a device is first activated, several methods 
may be used to associate data received by the advanced 
patient management system 100 with a given patient. For 
example, each device may include a unique identification 
number and a registration form that is filled out by the 
patient, caregiver, or field representative. The registration 
form can be used to collect the necessary information to 
associate collected data with the patient. Alternatively, the 
user can logon to a web site to allow for the registration 
information to be collected. In another embodiment, a 
barcode is included on each device that is scanned prior to 
or in conjunction deployment of the device to provide the 
information necessary to associate the recorded data with the 
given patient. 
0075 Referring again to FIG. 1, the example database 
module 114 includes a patient database 400, a population 
database 402, a medical database 404, and a general data 
base 406, all of which are described further below. 
0.076 The patient database 400 includes patient specific 
data, including data acquired by the devices 102a, 104a, and 
106a. The patient database 400 also includes a patients 
medical records. The patient database 400 can include 
historical information regarding the devices 102a, 104a, and 
106.a. For example, if device 102a is an implantable car 
dioverter defibrillator (ICD), the patient database 400 
records the following device information: P and R measure 
ments, pacing frequency, pacing thresholds, shocking 
events, recharge time, lead impedance, battery Voltage? 
remaining life, ATR episode and EGMs, histogram infor 
mation, and other device-specific information. In addition, if 
device 106a is a patient weight scale, the patient database 
400 records the patients weight during renal therapy or other 
prescribed times. The database 400 could also store renal 
therapy parameters such as frequency of therapy, blood flow, 
dialysate flow (if applicable), ultrafiltration rate, dialyzer 
clearance, ultrafiltrate/dialysate conductivity, hematocrit 
pre- and post-therapy etc. The information stored in the 
database 400 can be recorded at various times depending on 
the patient requirements or device requirements. For 
example, the patient database 400 is updated at periodic 
intervals that coincide with the patient downloading data 
from the device. Alternatively, data in the patient database 
400 can be updated in real time. Typically, the sampling 
frequency depends on the health condition of the patient(s) 
being monitored and the co-morbidities. 
0077. The population database 402 includes non-patient 
specific data, Such as data relating to other patients and 
population trends (e.g. the USRDS database for renal 
patients or the ADHERE database for decompensated con 
gestive heart failure patients). The population database 402 
also records epidemic-class device statistics and patient 
statistics. The population database 402 also includes data 
relating to staffing by health care providers, environmental 
data, pharmaceuticals, etc. 

0078. The example medical database 404 includes clini 
cal data relating to the treatment of diseases. For example, 
the medical database 404 includes historical trend data for 
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multiple patients in the form of a record of progression of 
their disease(s) along with markers of key events. 
0079 The general database 406 includes non-medical 
data of interest to the patient. This can include, without 
limitation, information relating to news, finances, shopping, 
technology, entertainment, and/or sports. The general data 
base 406 can be customized to provide general information 
of specific interest to the patient. For example, Stock infor 
mation can be presented along with the latest health infor 
mation as detected from the devices 102, 104, and 106. 
0080. In another embodiment, information is also pro 
vided from an external source. Such as external database 
600. For example, the external database 600 includes exter 
nal medical records maintained by a third party, Such as drug 
prescription records maintained by a pharmacy, providing 
information regarding the type of drugs that have been 
prescribed for a patient. This information can be used to alert 
the caregiver of possible dangerous drug interactions. 
0081. The example analysis module 116 includes a 
patient analysis module 500, device analysis module 502, 
population analysis module 504, and learning module 506. 
Patient analysis module 500 may utilize information col 
lected by the advanced patient management system 100, as 
well as information for other relevant sources, to analyze 
data related to a patient and provide timely and predictive 
assessments of the patients well-being. In performing this 
analysis, the patient device module 500 may utilize data 
collected from a variety of sources, include patient specific 
physiological and Subjective data collected by the advanced 
patient management system 100, medical and historical 
records (e.g., lab test results, histories of illnesses, etc., drugs 
currently and previously administered, etc.), as well as 
information related to population trends provided from 
Sources external to the advanced patient management system 
1OO. 

0082 For example, in one embodiment, the patient analy 
sis module 500 makes a predictive diagnosis of an oncoming 
event based on information stored in the database module 
114. For example, the data continuously gathered from a 
device of a given patient at a heightened risk for a chronic 
disease event (Such as decompensations in heart failure) is 
analyzed. Based on this analysis, therapy, typically device 
based or pharmaceutical, is then applied to the patient either 
through the device or through clinician intervention. Also 
data from implanted or external sensors between renal 
therapies may be used to determine fluid increase in the 
patient and be used to prescribe renal therapies customized 
to each patient. For example if the patient does not adhere 
to a low sodium diet and increases fluid intake, the renal 
therapy may be prescribed earlier than the scheduled 
therapy. 
0083. In another example embodiment, the patient analy 
sis module 500 provides a diagnosis of patient health status 
and predicted trend based on present and recent historical 
data collected from a device as interpreted by a system of 
expert knowledge derived from working practices within 
clinics. For example, the patient analysis module 500 per 
forms probabilistic calculations using currently collected 
information combined with regularly collected historical 
information to predict patient health degradation. 
0084. In another example embodiment, the patient analy 
sis module 500 may conduct pre-evaluation of the incoming 
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data stream combined with patient historical information 
and information from patients with similar disease states. 
The pre-evaluation system is based on data derived from 
working clinical practices and the records of outcomes. The 
derived data is processed in a neural network, fuZZy logic 
system, or equivalent system to reflect the clinical practice. 
Further, the patient analysis module 500 may also provide 
means for periodic processing of present and historical data 
to yield a multidimensional health State indication along 
with disease trend prediction, next phase of disease progres 
Sion, co-morbidities, and inferences about what other pos 
sible diseases may be involved. The patient analysis module 
500 may also integrate data collected from internal and 
external devices with Subjective data to optimize manage 
ment of overall patient health. 
0085 Device analysis module 502 analyzes data from the 
devices 102, 104, and 106 and ITU 108 to predict and 
determine device issues or failures. For example, if an 
implanted device 102 fails to communicate at an expected 
time, device analysis module 502 determines the source of 
the failure and takes action to restore the performance of the 
device 102. The device analysis module 502 may also 
perform additional deterministic and probabilistic calcula 
tions. For example, the device analysis module 502 gathers 
data related to charge levels within a given device. Such as 
an implanted cardiac rhythmic device 102a, and provides 
analysis and alerting functions based on this information if 
for example, the charge level reaches a point at which 
replacement of the device and/or battery is necessary. Simi 
larly, early degradation or imminent failure of implanted 
devices can be identified and proactively addressed, or 
at-risk devices can be closely monitored. 
0.086 Population analysis module 504 uses the data col 
lected in the database module 114 to manage the health of a 
population. For example, a clinic managing cardiac patients 
can access the advanced patient management system 100 
and thereby obtain device-supplied advance information to 
predict and optimize resource allocation both as to imme 
diate care and as a predictive metric for future need of 
practicing specialists. As another example, the spread of 
disease in populations can be localized and quarantined, as 
needed, rapidly before further spreading or an outbreak 
CSU.S. 

0087. In one embodiment, population analysis module 
504 trends the patient population therapy and management 
as recorded by the devices and directs health care resources 
to best satisfy the needs of the population. The resources can 
include people, facilities, Supplies, and/or pharmaceuticals. 
In other embodiments, the population analysis module 
detects epidemics and other events that affect large popula 
tion groups. The population analysis module 504 can issue 
alerts that can initiate a population quarantine, redirect 
resources to balance size of stafling with population demand, 
and predict possible future need of qualified specialists. 

0088. The population analysis module 504 may utilize a 
variety of characteristics to identify like-situated patients, 
including but not limited to, sex, age, genetic makeup, etc. 
The population analysis module 504 may develop large 
amounts of data related to a given population based on the 
information collected by the advanced patient management 
system 100. In addition, the population analysis module 504 
may integrate infonnation from a variety of other sources. 
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For example, the population analysis module 504 may 
utilize data from public domain databases (e.g., the National 
Institute of Health), public and governmental and health 
agency databases, private insurance companies, medical 
Societies (e.g., the American Heart Association), and 
genomic records (e.g., DNA sequences). 

0089. In one embodiment of the invention, the host 112 
may be used as a “data clearinghouse.” to gather and 
integrate data collected from the devices 102, 104, and 106, 
as well as data from sources outside the advanced patient 
management system 100. The integrated data can be shared 
with other interested entities, subject to privacy restrictions, 
thereby increasing the quality and integration of data avail 
able. 

0090 Learning module 506 analyzes the data provided 
from the various information Sources, including the data 
collected by the advanced patient system 100 and external 
information sources. For example, the learning module 506 
analyzes historical symptoms, diagnoses, and outcomes 
along with time development of the diseases and co-mor 
bidities. The learning module 506 can be implemented via a 
neural network (or equivalent) system. 
0091. The learning module 506 can be partially trained 

(i.e., the learning module 506 may be implemented with a 
given set of preset values and then learn as the advanced 
patient management system functions) or untrained (i.e., the 
learning module 506 is initiated with no preset values and 
must learn from scratch as the advanced patient management 
system functions). In other alternative embodiments, the 
learning module 506 may continue to learn and adjust as the 
advanced patient management system functions (i.e., in real 
time), or the learning module 506 may remain at a given 
level of learning and only advanced to a higher level of 
understanding when manually allowed to do so. 

0092. In a neural network embodiment, new clinical 
information is presented to create new neural network 
coefficients that are distributed as a neural network knowl 
edge upgrade. The learning module 506 can include a 
module for verifying the neural network conclusions for 
clinical accuracy and significance. The learning module can 
analyze a database of test cases, appropriate outcomes and 
relative occurrence of misidentification of the proper out 
comes. In some embodiments, the learning module 506 can 
update the analysis module 116 when the analysis algo 
rithms exceed a threshold level of acceptable misidentifica 
tions. 

0093. The example-learning module 506 uses various 
algorithms and mathematical modeling including, but not 
limited to, trend and statistical analysis, data mining, pattern 
recognition, cluster analysis, neural networks and fuZZy 
logic. Learning module 506 may perform deterministic and 
probabilistic calculations. Deterministic calculations include 
algorithms for which a clear correlation is known between 
the data analyzed and a given outcome. For example, there 
may be a clear correlation between the energy left in a 
battery of an implantable device and the amount of time left 
before the battery must be replaced. 

0094. A probabilistic calculation involves the correlation 
between data and a given outcome that is less than 100% 
certain. Probabilistic determinations require an analysis of 
several possible outcomes and an assignment of probabili 
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ties for those outcomes (e.g., an increase in weight of a 
patient may, at a 25% probability, signal an impending 
de-compensation event and/or indicate that other tests are 
needed). The learning module 506 performs probabilistic 
calculations and selects a given response based on less than 
a 100% probability. Further, as the learning module 
506"learns' from previous determinations (e.g., through a 
neural network configuration), the learning module 506 
becomes more proficient at assigning probabilities for a 
given data pattern, thereby being able to more confidently 
select a given response. As the amount of data that has been 
analyzed by the learning module 506 grows, the learning 
module 506 becomes more and more accurate at assigning 
probabilities based on data patterns. A bifurcated analysis 
may be performed for diseases exhibiting similar symptoms. 
As progressive quantities of data are collected and the 
understanding of a given disease state advances, disease 
analysis is refined where a former singular classification 
may split into two or more sub-classes. 
0.095. In addition, patient-specific clinical information 
can be stored and tracked for hundreds of thousands of 
individual patients, enabling a first-level electronic clinical 
analysis of the patient’s clinical status and an intelligent 
estimate of the patient's short-term clinical prognosis. The 
learning module 506 is capable of tracking and forecasting 
a patient's clinical status with increasing levels of Sophisti 
cation by measuring a number of interacting co-morbidities, 
all of which may serve individually or collectively to 
degrade the patient’s health. This enables learning module 
506, as well as caregivers, to formulate a predictive medical 
response to oncoming acute events in the treatment of 
patients with chronic diseases such as heart failure, diabetes, 
pain, cancer, and asthma/COPD, as well as possibly head-off 
acute catastrophic conditions such as a stroke. 
0096) Delivery module 118 coordinates the delivery of 
feedback based on the analysis performed by the host 112. 
In response to the analysis module 116, delivery module 118 
can manage the devices 102, 104, and 106, perform diag 
nostic data recovery, program the devices, and otherwise 
deliver information as needed. In some embodiments, the 
delivery module 118 can manage a web interface that can be 
accessed by patients or caregivers. The information gathered 
by an implanted device can be periodically transmitted to a 
web site that is securely accessible to the caregiver and/or 
patient in a timely manner. In other embodiments, a patient 
accesses detailed health information with diagnostic recom 
mendations based upon analysis algorithms derived from 
leading health care institutions. 
0097. For example, the caregiver and/or patient can 
access the data and analysis performed on the data by 
accessing one or more general content providers. In one 
example, the patients health information is accessed 
through a general portal such as My Yahoo provided by 
Yahoo! Inc. of Sunnyvale, Calif. A patient can access his or 
her My Yahoo homepage and receive information regarding 
current health and trends derived from the information 
gathered from the devices 102,104, and 106, as well as other 
health information gathered from other sources. The patient 
may also access other information in addition to health 
information on the My Yahoo website, such as weather and 
stock market information. Other electronic delivery methods 
Such as email, facsimile, etc. can also be used for alert 
distribution. 
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0098. In an alternative embodiment, the data collected 
and integrated by the advanced patient system 100, as well 
as any analysis performed by the patient management sys 
tem 100, is delivered by delivery module 118 to a caregiv 
er's hospital computer system for access by the caregiver. A 
standard or custom interface facilitates communication 
between the advanced patient management system 100 and 
a legacy hospital system used by the caregiver so that the 
caregiver can access all relevant information using a system 
familiar to the caregiver. 
0099. The advanced patient management system 100 can 
also be configured so that various components of the system 
(e.g., ITU 108, communication system 110, and/or host 112) 
provide reporting to various individuals (e.g., patient and/or 
caregiver). For example, different levels of reporting can be 
provided by (1) the ITU 108 and (2) the host 112. The ITU 
108 may be configured to conduct rudimentary analysis of 
data gathered from devices 102, 104, and 106, and provide 
reporting should an acute situation be identified. For 
example, if the ITU 108 detects that a significant heart 
arrhythmia is imminent or currently taking place, the ITU 
108 provides reporting to the patient in the form of an 
audible or visual alarm. 

0.100 The host 112 can provide a more sophisticated 
reporting system. For example, the host 112 can provide 
exception-based reporting and alerts that categorize different 
reporting events based on importance. Some reporting 
events do not require caregiver intervention and therefore 
can be reported automatically. In other escalating situations, 
caregiver and/or emergency response personnel need to 
become involved. For example, based on the data collected 
by the advanced patient management system 100, the deliv 
ery module 118 can communicate directly with the devices 
102, 104, and 106, contact a pharmacy to order a specific 
medication for the patient, and/or contact 911 emergency 
response. In an alternative embodiment, the delivery module 
118 and/or the patient may also establish a voice commu 
nication link between the patient and a caregiver, if war 
ranted. 

0101. In addition to forms of reporting including visual 
and/or audible information, the advanced patient manage 
ment system 100 can also communicate with and reconfig 
ure one or more of the devices 102, 104, and 106. For 
example, if device 102 is part of a CRM system, the host 112 
can communicate with the device 102 and reconfigure the 
therapy provided by the CRM system based on the data 
collected from one or more of the devices 102,104, and 106. 
In another embodiment, the delivery module 118 can pro 
vide to the ITU 108 recorded data, an ideal range for the 
data, a conclusion based on the recorded data, and a rec 
ommended course of action. This information can be dis 
played on the ITU 108 for the patient to review or made 
available on the peripheral device 109 for the patient and/or 
clinician to review. 

0102 One or more headings have been provided above to 
assist in describing the various embodiments disclosed 
herein. The use of headings, and the resulting division of the 
description by the headings, should not be construed as 
limiting in any way. The Subject matter described under one 
heading can be combined with subject matter described 
under one or more of the other headings without limitation 
and as desired. 
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0103) The systems and methods of the present disclosure 
can be implemented using a system as shown in the various 
figures disclosed herein including various devices and/or 
programmers, including implantable or external devices. 
Accordingly, the methods of the present disclosure can be 
implemented: (1) as a sequence of computer implemented 
steps running on the system; and (2) as interconnected 
modules within the system. The implementation is a matter 
of choice dependent on the performance requirements of the 
system implementing the method of the present disclosure 
and the components selected by or utilized by the users of 
the method. Accordingly, the logical operations making up 
the embodiments of the method of the present disclosure 
described herein can be referred to variously as operations, 
steps, or modules. It will be recognized by one of ordinary 
skill in the art that the operations, steps, and modules may 
be implemented in Software, in firmware, in special purpose 
digital logic, analog circuits, and any combination thereof 
without deviating from the spirit and scope of the present 
invention as recited within the claims attached hereto. 

0104. The present invention should not be considered 
limited to the particular examples described above, but 
rather should be understood to cover all aspects of the 
invention as fairly set out in the attached claims. Various 
modifications, equivalent processes, as well as numerous 
structures to which the present invention may be applicable 
will be readily apparent to those of skill in the art to which 
the present invention is directed upon review of the instant 
Specification. 

We claim: 
1. An integrated cardiorenal disease management system, 

comprising: 

a. a renal therapy device; 
b. an implanted cardiac rhythm management device 

including sensors for measuring data representative of 
patient physiological parameters; and 

c. a control system coupled to the renal therapy device and 
configured to receive data representative of patient 
physiological parameters. 

2. The cardiorenal disease therapy management system of 
claim 1, wherein said renal therapy device comprises a 
dialysis machine. 

3. The cardiorenal disease therapy management system of 
claim 1, wherein said renal therapy device comprises an 
ultrafiltration machine. 

4. The cardiorenal disease therapy management system of 
claim 1 wherein the control system directs therapy provided 
by the renal therapy device in response to the patient 
physiological parameters received. 

5. The cardiorenal disease therapy management system of 
claim 4 wherein the control system directs therapy by 
modifying at least one of the following, flow of blood 
through the renal therapy device, flow of dialysate or ultra 
filtrate through renal therapy device, flow of medications or 
saline into the renal therapy device, ionic composition of 
dialysate fluid flowing into the device, and temperature of 
blood or dialysate in the device. 

6. The cardiorenal disease therapy management system of 
claim 1 wherein the renal therapy device is a dialysis therapy 
device. 
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7. The cardiorenal disease therapy management system of 
claim 1 wherein the renal therapy device is an ultrafiltration 
therapy device. 

8. The cardiorenal disease therapy management system of 
claim 1 wherein the patient physiological parameters is 
comprised of data representative of at least one of the 
following, heart rate, heart rate variability, electrograms, 
autonomic balance, heart vibrations, thoracic impedance, 
thoracic fluid status, intracardiac pressure, cardiac oxygen 
ation, patient activity level, patient temperature, blood 
pressure, breathing patterns, blood chemistry, pH, blood 
conductivity, blood flow, blood oxygenation, cardiac Vol 
umes, cardiac output, ejection fraction, and stroke Volume. 

9. A method of optimally controlling renal therapy a 
patient receives from a renal therapy device comprising the 
steps of 

a. transmitting data representative of patient physiological 
parameters from at least one sensor implanted within 
the body of a patient; 

b. processing the data representative of patient physi 
ological parameters; and 

c. modifying the renal therapy the patient receives in 
response to the data representative of patient physi 
ological parameters. 

10. The method of claim 9 wherein the renal therapy 
comprises ultrafiltration and the renal therapy device com 
prises an ultrafiltration device. 

11. The method of claim 10 including the step of trending 
said patient physiological parameters to determine cardio 
vascular performance changes in relation to an ultrafiltration 
rate, wherein the data representative of patient physiological 
parameters includes at least said thoracic fluid, patient 
cardiac volume, blood conductivity, and heart rate variabil 
ity. 

12. The method of claim 9 wherein the processing step 
further comprises processing data representative of the 
blood pressure of the patient, wherein the step of modifying 
further comprises modifying the rate at which blood may be 
removed from the patient’s body in response to the data 
representative of the blood pressure of the patient. 

13. The method of claim 9 wherein the processing step 
further comprises processing data representative of the tran 
sthoracic impedance of the patient, wherein the step of 
modifying further comprises modifying fluid removal from 
the patient’s body in response to the data representative of 
the transthoracic impedance of the patient. 

14. The method of claim 9 further including the step of 
measuring fluid volume within a patient and immediately 
transmitting said data representative of said fluid volume in 
order to control renal therapy a patient receives in real-time. 

15. The method of claim 9, wherein said renal therapy 
comprises at least one of the following therapies dialysis 
therapy and ultrafiltration therapies. 

16. A renal disease therapy management system, com 
prising: 

a. a renal therapy device; 
b. an implanted cardiac rhythm management device 

including sensors for capturing data representative of 
patient physiological parameters; and 

c. a health management host system coupled to the renal 
therapy and the implanted cardiac rhythm management 
device in a manner that allows data transmission; 
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d. Said renal therapy device including a communications 
and control system that records and transmits data 
relating to renal therapy, said renal therapy control 
system configured to transmit and receive data repre 
sentative of patient physiological parameters; and 

e. said health management host system configured to 
receive data related to renal therapy and receive data 
representative of patient physiological parameters. 

17. The renal disease therapy management system of 
claim 16, wherein the health management host system is 
configured to analyze and display renal therapy data and 
data representative of patient physiological parameters on a 
health management display. 
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18. The renal disease therapy management system of 
claim 17, wherein the patient physiological data comprises 
weight, includes at least fluid retention data. 

19. The renal disease therapy management system of 
claim 17, wherein the renal therapy device is configured 
with a display device to illustrate a renal therapy strategy. 

20. The renal disease therapy management system of 
claim 16, wherein said renal therapy device comprises a 
dialysis machine. 

21. The renal disease therapy management system of 
claim 16, wherein said renal therapy device comprises an 
ultrafiltration machine. 

k k k k k 


